ABSTRACT No adequate data exist on patterns of injection drug use (IDU) prevalence over time within racial/ethnic groups in U.S. geographic areas. The absence of such prevalence data limits our understanding of the causes and consequences of IDU and hampers planning efforts for IDU-related interventions. Here, we (1) describe a method of estimating IDU prevalence among non-Hispanic Black and non-Hispanic White adult residents of 95 large U.S. metropolitan statistical areas (MSAs) annually over an 11-year period (1992-2002); (2) validate the resulting prevalence estimates; and (3) document temporal trends in these prevalence estimates. IDU prevalence estimates for Black adults were calculated in several steps: we (1) created estimates of the proportion of injectors who were Black in each MSA and year by analyzing databases documenting injectors' encounters with the healthcare system; (2) multiplied the resulting proportions by previously calculated estimates of the total number of injectors in each MSA and year (Brady et al., 2008) ; (3) divided the result by the number of Black adults living in each MSA each year; and (4) validated the resulting estimates by correlating them cross-sectionally with theoretically related constructs (Black-and Whitespecific prevalences of drug-related mortality and of mortality from hepatitis C). We used parallel methods to estimate and validate White IDU prevalence. We analyzed trends in the resulting racial/ethnic-specific IDU prevalence estimates using measures of central tendency and hierarchical linear models (HLM). Black IDU prevalence declined from a median of 279 injectors per 10,000 adults in 1992 to 156 injectors per 10,000 adults in 2002. IDU prevalence for White adults remained relatively flat over time (median values ranged between 86 and 97 injectors per 10,000 adults). HLM analyses described similar trends and suggest that declines in Black IDU prevalence decelerated over time. Both sets of IDU estimates correlated cross-sectionally adequately with validators, suggesting that they have acceptable convergent validity (range for Black IDU prevalence validation: 0.27 G r G 0.61; range for White IDU prevalence: 0.38 G r G 0.80). These data give insight, for the first time, into IDU prevalence trends among Black adults and White adults in large U.S. MSAs. The decline seen here for Black adults may partially explain recent reductions in newly reported cases of IDU-related HIV evident in surveillance data on this population. Declining Black IDU prevalence may have been produced by (1) high AIDS-related mortality rates among Black injectors in the 1990s, rates lowered by the advent of HAART; (2) reduced IDU incidence Electronic supplementary material The online version of this article (doi:10.1007/s11524-008-9304-9) contains supplementary material, which is available to authorized users.
among Black drug users; and/or (3) MSA-level social processes (e.g., diminishing residential segregation). The stability of IDU prevalence among White adults between 1992 and 2002 may be a function of lower AIDS-related mortality rates in this population; relative stability (and perhaps increases in some MSAs) in initiating IDU among White drug users; and social processes. Future research should investigate the extent to which these racial/ethnicspecific IDU prevalence trends (1) explain, and are explained by, recent trends in IDUrelated health outcomes, and (2) are determined by MSA-level social processes.
INTRODUCTION
No adequate data exist with which to track patterns of injection drug use prevalence over time among members of specific racial/ethnic groups in U.S. geographic areas. Given pronounced racial/ethnic differences in patterns of drug-related health outcomes, [1] [2] [3] [4] [5] drug treatment needs, [6] [7] [8] [9] [10] [11] [12] and determinants of illicit substance use, 13 the absence of such data hampers public health surveillance and planning efforts, and limits research on the etiology and consequences of injection drug use (IDU). In this paper, we (1) describe a method of estimating IDU prevalence among non-Hispanic Black and non-Hispanic White adult residents of large U.S. metropolitan statistical areas (MSAs) annually over an 11-year period (1992-2002) ; (2) validate the resulting prevalence estimates; and (3) document temporal trends in these prevalence estimates.
Existing drug-related surveillance methods and estimation techniques are not designed to capture temporal trends in IDU in different racial/ethnic groups and U.S. geographic areas. The National Survey on Drug Use and Health (NSDUH), the primary source of information on illicit drug use in the U.S., is poorly equipped to capture injectors in the general population for four main reasons. 14, 15 First, IDU is a relatively rare behavior, and thus, its prevalence is difficult to estimate with precision through the household survey methods employed by NSDUH. 16, 17 Second, NSDUH cautions against using data for longitudinal analyses, given changes in data collection methods over time. 18 Third, the NSDUH sampling frame excludes populations with high IDU prevalences (e.g., incarcerated individuals and non-sheltered homeless individuals). 14, 15, 19 Fourth, NSDUH study participants substantially underreport recent injecting. 14, 15 The latter two threats to validity may render NSDUH estimates of injecting within specific racial/ethnic groups particularly problematic. Populations that NSDUH excludes tend to be disproportionately non-Hispanic Black and Hispanic/Latino, 20, 21 and the likelihood of underreporting illicit substance use in surveys may vary by race/ ethnicity, with non-Hispanic White adults and adolescents most likely to accurately report recent use. 22, 23 Capture/recapture methods, commonly applied to enumerate IDU populations living in a single city, are ill-suited to estimating IDU prevalence (both in the general population and within particular subgroups) in multiple geographic areas. These methods enumerate "hidden" populations by cross-referencing personal identifiers (e.g., names or social security numbers) in two or more databases. [24] [25] [26] Because of confidentiality policies and laws in the U.S., gaining access to personally identifying information, particularly when linked to data on illegal behavior, becomes increasingly prohibitive as the number of geographic areas under study rises.
Here, we describe a method of calculating IDU prevalence among non-Hispanic White and non-Hispanic Black (hereafter referred to as White and Black) residents of large U.S. MSAs over time by analyzing three databases documenting injectors' encounters with the healthcare system between 1992 and 2002. These databases are the Substance Abuse and Mental Health Service Administration's (SAMHSA's) Treatment Entry Data System (TEDS); 27 the Centers for Disease Control and Prevention's (CDC's) AIDS Public Information Data Set (APIDS); 28 and the CDC's HIV Counseling and Testing Services database (CTS). 29 As discussed below, we analyzed these three databases because we posited that the biases inhering in each database would counterbalance those in the others. These methods extend methods originally developed to estimate racial/ethnic disparities in IDU in large U.S. MSAs in 1998. 30 Developing a method to track racial/ethnic-specific IDU prevalence estimates over time could advance public health research and planning efforts in key ways. The resulting prevalence estimates could support interpretation of surveillance data on racial/ethnic-specific trends in injection-related health problems by providing, for the first time, estimates of trends in the size of the at-risk populations. Recent data on HIV infection illustrate the need for such estimates: between 2001 and 2004, the number of cases of newly diagnosed injection-related HIV in the 35 U.S. areas with name-based reporting declined more steeply for Black adults and adolescents than for their White counterparts, though the number of such cases for Black adults and adolescents substantially exceeded those for Whites throughout this period. 5 Presently, it is impossible to determine the extent to which these trends were produced by diverging temporal trends in the size of the at-risk populations (i.e., Black injectors and White injectors). Clarifying the etiology of trends in injection-related HIV infection is vital to evaluating the effectiveness of past interventions and to developing strategies to further reduce HIV incidence.
These estimates may also lay the foundation for advancing research on the structural determinants of injecting. This line of inquiry remains relatively underdeveloped, 31 despite resurging public health recognition that social processes shape distributions of health and disease across populations. [32] [33] [34] The few studies conducted to date on the structural determinants of substance use testify to the promise of this line of inquiry, both for understanding patterns of injecting in the overall population, as well as within and across racial/ethnic groups. 13, [35] [36] [37] [38] [39] [40] [41] The estimates described here are intended to support future analyses of the ways that MSA-level structural factors shape temporal and spatial variations in IDU among Black adults and White adults.
Finally, because drug-related service needs vary by race/ethnicity, 6-12 the racial/ ethnic-specific IDU prevalence estimates presented here can help inform planning efforts for programs serving large numbers of injectors, such as methadone maintenance programs and syringe exchange programs.
In the following sections, we describe our method of estimating IDU prevalence among Black adults and White adults living in large U.S. MSAs each year between 1992 and 2002, validate these estimates, and report their trends. We close with a discussion of the limitations of this IDU prevalence estimation method, and propose several possible causes and consequences of the observed racial/ethnic-specific IDU prevalence trends that merit investigation.
MATERIALS AND METHODS

Overview
We created our racial/ethnic-specific IDU prevalence estimates in four stages. In stage 1, we estimated the proportion of all injectors in each MSA and year who were Black and who were White by analyzing data documenting injectors' encounters with the healthcare system. In stage 2, we multiplied these racial/ethnic-specific proportions by our previous estimates of the total number of injectors (regardless of race/ethnicity) living in each MSA each year (Brady et al., 2008) to produce estimates of the number of Black and of White injectors living in each MSA each year of the study period. In stage 3, we divided the resulting counts by the size of their respective "at risk" populations (i.e., Black adults and White adults) to create racial/ethnic-specific IDU prevalence estimates for each MSA and year. In stage 4, we validated the resulting prevalence estimates. We restricted our prevalence estimates to Black and White injectors because the databases analyzed had extensive missing data and small cell sizes, which would yield unstable estimates, for other racial/ethnic groups in many MSAs.
Descriptive statistics and hierarchical linear modeling (HLM) were then used to describe trends in the resulting estimates. Before discussing our estimation methods and their subsequent analysis, we describe our unit of analysis and study sample.
Unit of Analysis and Sample
MSAs are defined by the Office of Management and Budget (OMB) as adjacent counties that collectively form a single cohesive socioeconomic unit and include at least one central city home to 50,000 people or more. 42, 43 We chose MSAs as our unit of analysis because they are salient epidemiologic units with which to study injecting: drug-related epidemics can migrate from central cities to the surrounding suburbs, and suburban injectors may travel to the central city to receive services and engage in drug-related activity. 44, 45 OMB altered MSA boundaries slightly during the study period; 46 throughout our analyses, we use 1993 MSA boundaries Ã . MSAs were included in this sample if they had a population size of 500,000 or more in 1992, the beginning of our study period. Ninety-six MSAs met this criterion; one MSA, San Juan-Bayamon, had to be dropped because of extensive missing data. The remaining 95 MSAs were located in 38 states and Washington, DC, and had a median population in 2000 of 1.26 million (range: 546,061 to 9,545,829). Nearly two thirds of the U.S. population lived in these 95 MSAs in the year 2000.
Estimating IDU Prevalence for Black and for White adults
Stage 1: Estimating the proportion of injectors who were Black and who were White in each MSA and year
To estimate the proportion of injectors in each of these MSAs who were Black and who were White for each year of our study period, we analyzed data from three databases documenting injectors' encounters with the healthcare system: TEDS, CTS, and APIDS. TEDS documents admissions to all private and public drug treatment programs receiving state funds, certificates, or licenses. 47 The extent to which TEDS represents a census of admissions varies across states, depending on interstate differences in reporting practices, availability of publicly funded treatment, and definitions of what constitutes "treatment admission". 47 CTS describes characteristics of individuals tested at each of the HIV counseling and testing sites reporting to the CDC. 4 APIDS is a census of individuals diagnosed with AIDS in the U.S. 5 Coverage of eligible cases in APIDS and TEDS is high (983%). [48] [49] [50] No data are available on coverage in the CTS database.
Cases in these databases were included in the analysis if they: (1) reported injecting drugs and (2) lived or sought services in one of the 95 MSAs studied. Methods of classifying cases as injectors, and of linking them to MSAs, varied across databases. APIDS and CTS classified individuals as injectors if they reported injecting since 1978; 51 in TEDS, injectors were individuals who reported injecting any drug at admission. 52 Within each of these three databases, we calculated the proportion of injectors who were Black and who were White in each MSA and year as described in Formula 1.
Formula 1: Calculating the database-specific proportion of injectors in each MSA and year who are Black and who are White
where b ijkl the total number of injectors in study year i, MSA j, racial/ethnic group k, and database l T ijl the total number of injectors in study year i, MSA j, and database l, regardless of race/ethnicity
Calculating CTS-and TEDS-based P ijkl For TEDS and CTS, we calculated P ijkl directly from the source data in the vast majority of cases (986.0% of the 1,045 cells for each database and racial/ethnic group Ã ). The total percentages of cells with missing values ranged between 8.4% and 13.5%, depending on the database and racial/ethnic group. Missing values occurred for a variety of reasons. Most arose because the source database obtained by the project lacked data on HIV testing or treatment entry for specific MSAs and years under study. Moreover, we set values of Pijkl to missing if any of the following criteria were met: (1) T ijl G 20, and thus might produce unstable proportion estimates (P ijkl ); (2) more than 10.0% of the injectors in the MSA, year, and database were missing data on race/ethnicity, and so the value for b ijkl might be artificially low; or (3) P ijkl was unexpectedly high or low (i.e., more than twice, or less than half, the magnitude of the proportion values of both of the adjacent years for that racial/ethnic group and MSA), suggesting a possible error in the source database.
When data were missing for any of these reasons, we imputed values of P ijkTEDS and P ijkCTS using HLM. Where data were available, P ijBlackCTS and P ijBlackTEDS were highly correlated with each other cross-sectionally (0.68 9 r 9 0.83), as were values of P ijWhiteCTS and P ijWhiteTEDS (0.65 9 r 9 0.81). Using HLM, we therefore imputed missing TEDS-based proportions by regressing P ijkTEDS on P ijkCTS and on study year. A parallel model was used to impute missing CTS-based proportions. After imputing missing values of P ijkTEDS and P ijkCTS , we smoothed all CTS-and TEDS-based P ijkl estimates using loess. 53 Ã For each database and race/ethnicity, cells were defined by year and MSA (11 years×95 MSAs=1,045 cells).
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Calculating APIDS-based P ijkl Past research indicates that White illicit drug users have better access to drug treatment services than other illicit drug users 54 ; a similar pattern may be evident for injectors who receive HIV testing and counseling services. 55 Basing our estimates of the proportion of injectors who were Black and who were White exclusively on TEDS and CTS data might thus produce IDU prevalence estimates that were biased toward higher values for White adults and toward lower values for Black adults. Incorporating APIDS data into the estimation process is intended to counter this service bias: injectors diagnosed with AIDS are less likely to have participated in nonemergency care services, such as drug treatment and HIV testing, than other injectors [56] [57] [58] [59] ; they are also disproportionately likely to be Black or Latino. 60, 61 Using APIDS data to capture the racial/ethnic-specific proportion of the injecting population in a given MSA and year presents several challenges. The racial/ethnic composition of injectors in the APIDS database is produced not only by the racial/ethnic composition of the underlying population of injectors in that MSA and year (our target data), but also by (1) the uneven spread of HIV across racial/ethnic groups of injectors and geographic areas over time; 60 and (2) access to therapies delaying the onset of AIDS among HIV-positive injectors, access which varies by race/ethnicity, place, and time. [62] [63] [64] [65] To use APIDS data to capture the proportion of injectors who were Black and White, we thus first had to adjust APIDS data for HIV seroprevalence and address the advent of highly active antiretroviral therapies (HAART) during the study period. As described in detail in "Appendix", CTS data were used to adjust APIDS data for HIV seroprevalence, and we determined that the advent of HAART did not significantly impact the percent of injectors in the APIDS database who were Black or White.
The resulting CTS-based estimates, TEDS-based estimates, and APIDS-based estimates (adjusted for HIV seroprevalence) of the proportion of injectors who were Black were then averaged across databases to create a single estimate for each year and MSA (we call this single estimate, created by averaging the other three estimates, the "Index"); similar methods were used to estimate the proportion who were White. In the interests of transparency, and to allow us to compare different methods of estimating IDU prevalence by race/ethnicity, we present all results using IDU prevalence estimates based on the Index, and on each of the three databases alone ("database-specific IDU prevalences"). Descriptive data on the Index and database-specific proportions are available in the online appendix (Figs. 1 and 2 in the Web Appendix). To calculate the number of Black and White injectors in each MSA and year, we multiplied the proportions calculated in stage 1 by estimates of the total number of injectors (regardless of race/ethnicity) living in each MSA each year of the study period. We applied multiplier/allocation methods to estimate the total number of injectors living in each MSA each year of the study period. 66, 67 These methods have been described in detail elsewhere 68 and are reviewed in "Appendix". Briefly, we first calculated the number of injectors living in the U.S. during each year of the study period and then allocated these national estimates to each MSA. National estimates were calculated using existing data on the number of injectors living in the U.S. in 1992 and 1998, 69, 70 and annual data on injectors' encounters with health services and with the criminal justice system. These national IDU population totals were allocated to each of the 95 MSAs using (1) an estimate derived from published data on the number of injectors living in each MSA in 1992 and in 1998, 69, 70 and (2) data on injectors' service use and AIDS diagnoses. Descriptive data on the estimated number of injectors living in these MSAs over time are available in the online appendix (Fig. 3 of the Web appendix). Possible limitations of the resulting IDU estimates are described in the "Discussion" section.
Stage 3: Calculating racial/ethnic-specific prevalence estimates of injecting for each MSA and year
To calculate racial/ethnic-specific IDU prevalence estimates, we divided our estimates of numbers of Black and of White injectors living in each MSA each year of the study period (calculated in stage 2) by the total numbers of Black and of White adults aged 15 to 64 years living in that MSA that year (the "at-risk" population). Population data were drawn from the Population Estimates Program (PEP). 71 PEP, which is administered by the U.S. Census Bureau, calculates the total number of people living in each U.S. county by race/ethnicity and age each year by analyzing U.S. decennial census data and data on births, deaths, migration, and military deployment. 72 PEP data are adjusted in response to successful challenges to the U.S. decennial Census population estimates. 73 County-level PEP data were linked to MSAs to calculate the number of MSA residents aged 15-64 years who were Black and who were White for each year of the study period. Ã
Stage 4: Validating the racial/ethnic-specific IDU prevalence estimates
We validated our estimates by correlating them cross-sectionally with measures of theoretically related constructs: racial/ethnic-specific prevalences (per million) of (1) drug-related mortality and (2) hepatitis C virus (HCV) mortality. HCV was selected as a validator because it is a blood-borne infection most commonly transmitted in the United States via IDU. 74 The number of people dying from either of these causes in each racial/ethnic group, MSA, and year was extracted from the National Center for Health Statistics' Multiple Cause of Death database, a census of all deaths in the U.S. 75 This database used the ICD-9 coding system to identify causes of death between 1992 and 1998; the ICD-10 coding system was used thereafter. 75 Identifying Drug-related Deaths To identify cases of drug-related mortality within the Multiple Cause of Death database, we adapted algorithms proposed by the European Monitoring Centre for Drugs and Drug Addiction (EMCDDA) which use ICD-9 and ICD-10 codes (depending on the year of interest) to capture "deaths happening shortly after consumption of one or more psychoactive drugs and directly
Ã
Notably, between 2000 and 2002, PEP counted individuals who identified as belonging to multiple racial/ ethnic groups as multiple people (e.g., a single individual who self-identifies as non-Hispanic Black and nonHispanic White will appear in the PEP database during these years as two distinct people, one of each racial/ ethnic group). In contrast, multiracial individuals appear only once in 1992-1999 PEP data, either in the single racial/ethnic category they identify with most closely or in a "more than one race/other race" group. TEDS, APIDS, and CTS all used the latter classification method throughout the time period. Given that only about 1% of residents of the MSAs in our sample identified themselves as belonging to more than one racial/ethnic group in the 2000 Census, this shift should have a negligible impact on our estimates. related to this consumption". 76Ã We adapted these algorithms to capture mortality that was related to the use of drugs that injectors commonly inject (i.e., opioids, cocaine, and psychostimulants/amphetamines). Neither the ICD-9 nor the ICD-10 coding systems identify the mode of drug administration, so we could not limit cases to those that were IDU related.
Identifying HCV Deaths Codes used to identify HCV mortality were based on a review of published literature on acute and chronic HCV.
e.g., 77, 78 The recent advent of HCV testing (1990 in the U.S. 79 ) has two implications for the validation analysis. First, since dissemination of the HCV test across the U.S. may have taken time, we begin this portion of the validation analysis in 1995. Second, HCV-specific codes appear in the ICD-10 coding system, but not in the ICD-9 system. In the ICD-9 system, HCV was coded as "Other specified viral hepatitis" (i.e., non-A, non-B hepatitis), a category that may have also included hepatitis D, E, and G. Our ICD-9-based measure of HCV mortality is thus less specific than the ICD-10-based measure, though the difference should be slight, given the rarity of mortality from hepatitis D-G in the U.S.
80,81
Describing Racial/Ethnic-specific Trajectories of IDU Prevalence over Time To describe the central tendency of our racial/ethnic-specific IDU prevalence estimates, we calculated median prevalence values for each year of the study period for the Index and for each database-specific estimate (i.e., for each year of the study period and each estimation method, we calculated the median racial/ethnic-specific IDU prevalence value across the 95 MSAs); we remind you that the "Index" refers to the average of the CTS-, TEDS-, and APIDS-based estimates. We complemented these descriptive statistics with the results of HLM analyses. In longitudinal applications, HLM treats time as nested within subjects, characterizing the structure of change by (1) defining an average growth trajectory for all subjects and (2) quantifying the extent to which individual subjects' growth trajectories vary around this average. 82, 83 For each of our IDU estimation methods (i.e., the Index-based method and each of the three databasespecific methods), we applied HLM to characterize the average growth trajectories of racial/ethnic-specific IDU prevalences across all MSAs between 1992 and 2002, and to quantify the extent of variation around this mean trajectory across these 95 MSAs. In particular, we fit the following statistical model to each set of IDU prevalence estimates: Formula 2: Unconditional Growth Curve Model
where Y ij denotes the predicted prevalence of injecting among White (or Black) adults in study year i in MSA j, and X ij represents the number of years that have elapsed since the beginning of the study period, 1992. 83 The parenthetical statement (γ 00 + γ 10 X ij ) defines the mean trajectory in injecting prevalence for racial/ethnic group k, with γ 00 , the intercept, denoting the mean prevalence of IDU among racial/ ethnic group k across MSAs in 1992 and γ 10 , the slope, denoting the mean rate of change in IDU prevalence for racial/ethnic group k over time across MSAs. 83 The parameters ζ 0i + ζ 1i X ij describe inter-MSA variation around this mean trajectory: the variances of ζ 0i + ζ 1i capture the extent of variation across MSAs in the intercept and slope, respectively. 82 The parameter ɛ ij is the error term. Formula 2 assumes that the rate of change in racial/ethnic-specific IDU prevalence is constant over time and that ɛ ij has constant variance. We tested these assumptions by comparing models that expressed study year in different ways (e.g., linear; linear and quadratic; logged), and by comparing nested error structures. Likelihood ratio tests (LRT) were used to select the optimal model when models were nested; otherwise, we selected the model with the optimal AIC. As a final model-building step, we tested HLM assumptions about the distribution of residuals and the extent to which the model-based trajectories fitted the empirical data.
83Ã All analyses were conducted using SAS version 9.1.
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RESULTS
Describing Growth Trajectories in IDU Prevalence
Growth Trajectories in Black IDU Prevalence Estimates Regardless of the estimation method used, measures of central tendency and the HLM-based results indicate that the prevalence of IDU among Black adults declined between 1992 and 2002, with declines steepest in the early years of the study period. For brevity's sake, we focus our discussion on the Index-based results (as noted above, the Index is the average of the TEDS-, CTS-, and (adjusted) APIDS-based estimates), noting where database-specific trajectories in Black IDU prevalence diverged from them. ÃÃ Descriptive Statistics As indicated in Fig. 1 , in 1992, the median Index-based IDU prevalence estimate for Black adults was 279 injectors per 10,000 Black adults; by 2002, this prevalence had declined by almost 45% to 156 injectors per 10,000 Black adults. Database-specific IDU prevalence estimates followed an essentially similar trajectory, though the decline in TEDS-based IDU prevalence medians was steeper than those of CTS-and APIDS-based IDU prevalence medians.
Model-based Statistics
The optimal model for the Index-based estimates of Black IDU prevalence included both linear and quadratic expressions of time; the average growth trajectory in Black IDU prevalence across all 95 MSAs is thus a curve defined by three parameters: γ 00 (the average initial Black IDU prevalence value), γ 10 (the average instantaneous rate of change), and γ 20 (the average deceleration/acceleration of this change, modeled as study year squared). This model suggests that, on average, there were 290 injectors for every 10,000 Black adults living in the 95 MSAs studied at the beginning of the study period (Table 1 and Fig. 2 ). On average, across the 95 MSAs, the number of injectors per 10,000 Black adults declined by approximately 14 people Ã Visual inspection of quantile-quantile plots for each racial/ethnic-specific IDU estimation method indicated deviations from normality for some MSAs. Removing these MSAs did not affect our substantive findings, and so we report results calculated with the full dataset.
ÃÃ
Tables reporting index-based estimates of IDU prevalence for Black adults and for White adults for each MSA and year of the study period are available in this paper's online "Appendix". 83 By applying this formula to our parameters, we find that the decline did not reverse during the study period, though it did slow.
There was substantial variation across MSAs around this growth trajectory: the model indicates substantial inter-MSAs variation in the initial Black IDU prevalence The Index is the average of the TEDS-, CTS-, and APIDS-based estimates. b The variable "study year squared" was not included in this model.
value (γ 00 ), in the instantaneous rate of change (γ 10 ), and in whether and how much this rate changed over time (γ 20 ; see Table 1 ). This variation had a particular structure: MSAs with lower IDU prevalence values in 1992 had more modest instantaneous declines (r: −0.48) than other MSAs; MSAs with steeper instantaneous declines saw these declines decay more rapidly than MSAs with more gradual instantaneous declines (r: −0.88). Declines also decelerated more rapidly in MSAs with higher prevalence values in 1992 (r: 0.29). The model-based average trajectories of the CTS-and TEDS-based estimates followed essentially similar trajectories to the Index-based trajectory: 1992 values were 268 and 283 injectors per 10,000 residents, respectively, and declined thereafter, with declines decelerating over time. In contrast, the model-based average trajectory for APIDS-based estimates was higher initially (γ 00 = 318) than CTS-and TEDS-based trajectories, and the APIDS-based estimates declined steadily over time. As with the Index-based trajectories, there was considerable variation around each of three mean database-specific IDU prevalence trajectories. In the main, this variation was structured similarly to that around the mean Index-based trajectory.
Growth Trajectories in White IDU Prevalence Estimates Descriptive Statistics Median IDU prevalence values for White adults were essentially flat throughout the study period (see Fig. 3 ). The median Index-based IDU prevalence ranged from 86 to 97 IDUs per 10,000 White adults over time; this variation is negligible, given the error inhering in these estimates. Median CTS-, APIDS-, and TEDS-based prevalence estimates were likewise relatively constant over time: CTS-based estimates ranged from 87 to 95 IDUs per 10,000 adults; TEDSbased estimate ranged from 88 to 106 IDUs per 10,000 adults; APIDS-based estimates ranged from 75 to 90. Model-Based Statistics HLM-based trajectories indicate that the mean Index-based IDU prevalence estimates for White adults were constant over the study period (see Table 2 and Fig. 4 ). While the parameters for time were statistically significant or close to statistically significant (p = 0.06 for γ 10 ), the changes in prevalence they describe are not substantively significant. We therefore conclude that the modelbased mean Index trajectory held steady at approximately 109 IDUs per 10,000 White adults throughout the study period. There was, however, variation around this average trajectory. Inter-MSA variation followed the same structure as that found for Index-based Black IDU prevalence, except that there was no association between the magnitude of the intercept and the deceleration/acceleration parameter. Likewise, we conclude that the CTS-, TEDS-, and APIDS-based mean trajectories were also flat (CTS-based mean prevalence: approximately 110 IDUs per 10,000 adults; TEDS-based mean prevalence: approximately 103 IDUs per 10,000 adults; APIDS-based mean prevalence: approximately 111 IDU per 10,000 adults). Inter-MSA variation around each of the database-specific mean trajectories was structured similarly to that around the Index-based trajectory.
VALIDATION
Validating Black IDU Prevalence Estimates For Black adults, the cross-sectional correlations between the Index-based IDU prevalence and HCV mortality ranged from 0.45 to 0.61 (see Table 3 ). The correlations between Index-based Black IDU prevalence estimates and the second validator, drug-related mortality prevalence, were lower (0.27 to 0.54). Correlations between the two validators and the database-specific measures of Black IDU prevalence were roughly equivalent to correlations between the Index-based IDU prevalence measure and the validators. Overall, correlations between drug-related mortality prevalence and IDU prevalence were lower in the initial years of the study period. Validating White IDU Prevalence Estimates As evident in Table 4 , cross-sectional correlations between the Index-based measure of White IDU prevalence and HCV mortality were high (range: 0.61 to 0.65) and consistent over time. The correlations between the Index-based measure of White IDU prevalence and drug-related mortality were moderate to high (range: 0.38 to 0.80) and declined toward the end of the study period. Compared to correlations with the Index-based IDU prevalence measure, correlations between the validators and the database-specific measures of White IDU prevalence were of roughly similar magnitude and followed an essentially similar pattern. The database analyzed to calculate drug-related mortality and HCV mortality used the ICD-9 coding system for 1992-1997; the ICD-10 coding system was used thereafter. c
The Index is the average of the TEDS-, CTS-, and APIDS-based estimates.
ESTIMATING INJECTION DRUG USE AMONG BLACK AND WHITE ADULTS
Overall, correlations were higher for White IDU prevalence estimates than for Black IDU prevalence estimates. We raise possible reasons for this-and for temporal trends in some of the correlations-below.
DISCUSSION
To our knowledge, this analysis represents the first attempt to create racial/ethnicspecific IDU prevalence estimates over time in U.S. MSAs, or in any set of geographic areas. We found substantial racial/ethnic and temporal variation in IDU prevalence in 95 large U.S. MSAs, MSAs that collectively are home to almost two thirds of the U.S. population. Regardless of the estimation method used, our data indicate that the prevalence of IDU among Black adults declined between 1992 and 2002; Index-, TEDS-, and CTS-based estimates indicate that these declines decelerated as time passed. According to the Index, in 1992, the model-based mean IDU prevalence among Black adults was 290 injectors per 10,000 adults; by 2002, this mean prevalence had declined by almost one third, to 196 injectors per 10,000 adults. In contrast, the model-based mean White IDU prevalence (as calculated by the Index) remained constant during the study period, at approximately 109 injectors per 10,000 adults.
There was substantial variation across MSAs around these mean trajectories: MSAs with lower IDU prevalence values in 1992 experienced more gradual instantaneous declines than other MSAs, and MSAs with steep instantaneous declines saw those declines decay more rapidly than declines elsewhere. This variation is consonant with both regression to the mean and with a floor effect (i.e., IDU prevalence cannot drop below zero). Inter-MSA variation in the structure of change may also be a product of inter-MSA epidemiologic and social processes, as we discuss below. Before discussing possible determinants and implications of this spatial and temporal variation, we first review the limitations of our IDU prevalence estimates.
Limitations and Validation
Limitations inhering in TEDS, CTS, and APIDS may have biased database-specific estimates of the proportion of injectors in each MSA and year who were Black and who were White as calculated in stage 1. Admissions, rather than individuals, are the units of analysis in the TEDS database; an individual who enters drug treatment twice or more in a particular year is thus counted as two or more independent cases. TEDS-based estimates of the proportion of injectors in each racial/ethnic group may be systematically biased in MSAs where this limitation is coupled with racial/ethnic differences in patterns of re-admission to treatment in a single year. CTS-based estimates may be affected by the extent to which the history of the local HIV epidemic varies across racial/ethnic groups of injectors. 85, 86 For instance, in an MSA where HIV entered the local communities of Black injectors before it entered communities of White injectors, CTS-based estimates of Black IDU prevalence may be artificially low, given that HIV-positive individuals are unlikely to be retested. This bias, however, might be countered by frequent retests among HIVnegative Black injectors, who might be particularly concerned about HIV transmission. Moreover, the racial/ethnic composition of injectors seeking drug treatment or HIV counseling and testing may depend on the geographic location of service sites, given high levels of residential segregation in many U.S. MSAs. 87 Given that predominately Black neighborhoods tend to be medically underserved, 88 CTS and TEDS might underestimate the proportions of injectors who were Black throughout the study period in segregated MSAs. The database analyzed to calculate drug-related mortality and HCV mortality used the ICD-9 coding system for 1992-1997; the ICD-10 coding system was used thereafter.
c
ESTIMATING INJECTION DRUG USE AMONG BLACK AND WHITE ADULTS
As noted in the "Materials and methods" section, we found that the advent of the HAART era had no significant effect on the APIDS-based estimates of the proportion of injectors who were White or who were Black. Even in the pre-HAART era, however, HIV-positive White injectors had better access to existing AIDS-prevention therapies than other seropositive injectors. [89] [90] [91] [92] [93] Our APIDS-based IDU prevalence estimates thus likely overestimate the prevalence of IDU among Black adults and underestimate its prevalence for White adults throughout the study period, a pattern that may be evident in Figs. 1, 2, 3 and 4 . Moreover, our capacity to adjust APIDSbased estimates for local HIV seroprevalence was limited given (1) our use of CTS data to calculate HIV seroprevalence, 70, 85 and (2) spatial, temporal, and racial/ethnic variations in the time between HIV diagnosis and AIDS diagnosis, [62] [63] [64] [65] variations that we could not adjust for. In addition, CDC reporting guidelines for APIDS and for CTS define injectors as anyone who has injected since 1978. 49, 51 These two databases will thus be less sensitive to change over time than the TEDS database (which captures current IDU 27 ), though the effect of this limitation may be diminished by underreporting of a distant history of discontinued IDU.
Despite these limitations, the CTS, APIDS, and TEDS databases produced remarkably similar estimates of the proportions of injectors who were Black and who were White (P ijkl ). Before any missing data were imputed (a step that made the database-specific proportions interdependent), values of P ijkl were moderately to highly correlated across databases (for Black prevalence: r≥0.64; for White prevalence: r≥ 0.44). While not calculated as a validation step, these concordances suggest that each database was capturing the same underlying construct, a construct that can reasonably be interpreted as the proportion of injectors in each racial/ethnic group.
By combining TEDS-, CTS-, and APIDS-based estimates of the proportion of injectors who were Black and who were White in the Index, we intended to diminish the impact of some of these database-specific limitations. In particular, in some cases, the bias introduced by one database should be tempered by the bias introduced by another database. For example, an MSA where Black injectors have poor access to drug treatment and/or HIV counseling and testing services might have an elevated rate of IDU-related AIDS diagnoses among Black adults, given that treatment and early HIV diagnosis protect against AIDS. 9, [56] [57] [58] [59] [94] [95] [96] Moreover, the Index-based IDU prevalence estimates should capture a broader spectrum of the underlying injecting population than any single database alone. To illustrate, TEDS may capture a segment of the underlying population of injectors who can access relatively high threshold health services (i.e., inpatient or outpatient drug treatment), while APIDS may capture injectors who have less contact with drug-related health services. 9, [56] [57] [58] [59] [94] [95] [96] Given that Black drug users tend to have poorer access to services than their White counterparts, 9,97 these inferences would produce precisely the pattern in database-specific IDU prevalence estimates evident in Figs. 1, 2, 3 and 4: APIDS-based IDU estimates are higher for Black adults than White adults, while TEDS-based estimates show the reverse trend. Theoretically, then, the Index-based estimate may be the "best estimate" of the proportions of injectors who are Black and who are White compared to the database-specific estimates, a hypothesis supported in the validation analysis (see below).
Stage 2 might have introduced additional bias and/or imprecision. The complexities and limitations of estimating the total number of injectors in each MSA and year are discussed in detail in Brady et al.'s 2008 paper. A principle limitation of these IDU totals is their partial reliance on service-based data to allocate injectors to MSAs each year of the study period. The project will underestimate the total number of injectors in MSAs (and years) with fewer CTS or drug treatment sites and, comparatively, will overestimate the number of injectors in MSAs and years with more CTS or treatment sites. As discussed above, however, these biases should be minimized by the inclusion of AIDS case data, which should introduce the opposite bias to the estimates. Moreover, Brady et al's validation analysis indicated moderate to high construct and convergent validity for the project's IDU estimates.
Despite the limitations inhering in our racial/ethnic-specific IDU prevalence estimates, both sets of estimates (regardless of calculation method) correlated adequately with the two validators (HCV mortality prevalence and drug-related mortality prevalence), suggesting they had acceptable convergent validity. Our inability to limit deaths from drug-related causes to those that were IDU-related may explain the consistently lower magnitude of correlations found between Black IDU prevalence and drug-related mortality compared to White IDU prevalence and this validator: Black drug users (regardless of IDU status) tend to have higher mortality rates than their White counterparts. 98, 99 Our inability to exclude (or adequately adjust for) non-IDU fatalities may also explain the decline in correlations between drug-related mortality and White IDU prevalence in the latter half of the study period in most databases. The timing of these declines (1998-2002) roughly coincides with an increase in the nonmedical use of prescription opiates in this population, 100 a class of drugs that are typically not injected. 100 Likewise, the lower correlations found between drug-related mortality and Black IDU prevalence (as measured by the index, CTS, and TEDS) in the early years of the study period may reflect the ongoing decline of non-injection crack/cocaine use among Black residents of some MSAs in the sample during these years. 101 For Black and White adults, correlations between the Index-based estimate of IDU prevalence and both validators were roughly equivalent to validation correlations for the database-specific estimates. In light of this pattern, and because we posit that the Index captures a broader spectrum of injectors than any single database, we propose that the Index-based estimates are the "best estimates" of IDU prevalence among Black and White adults compared to database-specific estimates.
Notably, even these "best estimates" provide an incomplete picture of IDU trends among Black and White adults: small sample sizes in many databases, MSAs, and years prevented us from decomposing these racial/ethnic-specific estimates by injector social class, gender, age, sexuality, or other salient characteristics. Interpretations and applications of these data should recognize that our estimates might conceal considerable variation within racial/ethnic groups in IDU prevalence.
As a post hoc validation effort, we identified MSAs with unusually high IDU prevalence estimates (95%) and contacted local community experts to gain their insights into the estimates' accuracy. Community experts included local researchers and department of health staff specializing in users' health, and staff members at local drug treatment programs and syringe exchange programs (SEPs). While no MSAs had high White IDU prevalence values during the study period, six MSAs were classified as having high Black IDU prevalence values. These MSAs were Allentown, Baltimore, Portland-Vancouver, Stockton-Lodi, San Francisco, and Tucson. An expert in San Francisco reported that the project's estimates were likely in the high end of the correct range and noted that the rising IDU prevalence among Black adults in this MSA may be produced by the exodus of middle-class, non-injecting Black residents during the internet boom. An expert in Baltimore suggested that the elevated prevalence was produced by adverse social conditions, easy access to drugs, and a poor (though recently improving) treatment system. Experts in Stockton-Lodi and in Allentown reported that atypical service patterns (unusually high numbers of drug treatment slots, or of referrals from prison/jail to treatment) might have inflated project estimates. Experts in two MSAs could not speak to the validity of the data, though one of these experts shared data indicating that project estimates of the percent of injectors who are Black were similar to local data on the percent of SEP participants and HIVoutreach clients who are Black. We note that excluding these six MSAs from our HLM analyses does not alter the values of the instantaneous rate of change parameter or of the acceleration/deceleration parameter, though as expected, omitting these MSAs reduces the intercept's magnitude (from 290.47 to 259.06). Collectively, then, we conclude that (1) when studying a specific MSA, project estimates should be interpreted in the context of additional information on local patterns of racial/ethnic-specific IDU prevalence (we note that these additional data may not be available, and so new data collection efforts may need to be undertaken); and (2) when studying trends in racial/ethnic-specific IDU prevalence across MSAs, inferential statistics appear to be relatively robust to local data limitations.
Interpretation and Possible Applications of Findings
Prevalence is a function of case incidence and duration, 102 and the temporal trends in IDU prevalence observed here may have been generated by changes in both the initiation of IDU and the length of time people inject. Existing research suggests that the combination of several epidemiologic and social processes might have helped to produce the course of Black IDU prevalence observed here (i.e., declining IDU prevalence over time, with declines particularly steep in the early years). First, Black injectors suffered a heavy burden of AIDS-related mortality during the study period, 103 mortality that would reduce IDU prevalence by reducing case duration. In "Appendix", we attempt to quantify the magnitude of AIDS-related mortality in this population, and estimate that, at a minimum, 2.5% of Black injectors were newly diagnosed with AIDS in 1992 and died before 2000 (see "Appendix" for details).
Temporal patterns in AIDS-related mortality may help explain the steeper declines in IDU prevalence seen in the early years of our study period. The burden of AIDS-related mortality borne by Black injectors was particularly high in the early-to mid-1990s, an era of less effective AIDS therapies 104 and, in some MSAs, high HIV seroprevalence and poor access to AIDS therapies among Black injectors. [89] [90] [91] [92] [93] 105, 106 The advent of HAART and the spread of harm reduction actions, services, and policies during the 1990s reduced the burden of AIDS-related mortality among Black injectors, 104, [107] [108] [109] and may have contributed to decelerating declines in Black IDU prevalence in the latter half of the study period. Inter-MSA differences in the extent of harm reduction actions, services, and policies, 110, 111 and in HAART coverage, 64, 112 might have contributed to the inter-MSA variation in Black IDU prevalence trajectories found in our analysis.
Second, a large and increasing "forced migration" of tens of thousands of Black drug users into prison may have further reduced Black IDU prevalence during the study period (see "Appendix" for details). [113] [114] [115] Prisons tend to be located outside of MSA boundaries, 116 and so, CTS, TEDS, and APIDS will rarely capture imprisoned injectors. Inter-MSA variation in drug-related laws, enforcement activities, and sentencing practices would have contributed to variations in IDU prevalence trajectories across MSAs. Notably, while this mass exodus would have reduced Black IDU prevalence within MSAs, ample evidence indicates that this migration harms both incarcerated individuals and the communities in which they are embedded and that people may resume injecting post-release. [117] [118] [119] [120] [121] [122] Together, AIDS-related deaths and prison admissions may, in epidemiologic terms, have reduced the "case duration" of injecting among Black adults during the study period.
Data suggest that Black injectors who died or entered prison during the study period were not necessarily replaced by new injectors. The incidence of IDU among Black drug users appears to be waning in some areas. In MSAs where relevant research has been conducted, Black drug users had lower rates of initiating IDU (and, for individuals who had once injected and then ceased, of re-initiating IDU) compared to their White counterparts. 123, 124 The relative stasis in IDU prevalence among Whites throughout the study period may likewise reflect processes affecting both case duration and incidence. White injectors have experienced less AIDS-related mortality and incarceration than their Black counterparts (see "Appendix" for details). 113, [125] [126] [127] [128] For example, we estimate that, at a minimum, 0.7% of White injectors (compared to a minimum of 2.5% of Black injectors) were newly diagnosed with AIDS in 1992 and died before 2000.
Moreover, White injectors who died of AIDS or entered prison may have been replaced by new injectors. National data suggest increases in heroin use among young Whites during the study period. 129, 130 One research report found increasing IDU prevalence among young affluent Whites in one MSA in our sample. 131 A recent analysis of the racial/ethnic composition of young injectors enrolling in research studies in five MSAs in our sample suggests that the proportion of young injectors who are White is rising in these areas. 132 While we did not interpret the statistically significant rise in the mean trajectory of TEDS-based White IDU prevalence as substantively meaningful, perhaps this database was indeed sensitive to increasing IDU prevalence among White adults in some MSAs. The relative stasis in IDU prevalence among Whites may thus conceal a dynamic process in which White injectors who died or entered prison were replaced by new injectors. Spatial variations in injection initiation, AIDSrelated mortality, and incarceration may have contributed to inter-MSA variation in White IDU prevalence trajectories.
The possible roles that AIDS-related mortality, incarceration, and injection initiation may have played in shaping trends in injection prevalence among Black adults and White adults can be empirically investigated. The impact of changing racial/ethnic inequality on trajectories in Black injecting prevalence also merits empirical investigation, given documented links between racial/ethnic discrimination and substance use. [133] [134] [135] [136] [137] [138] For instance, past cross-sectional research has concluded that MSAs with higher levels of Black residential isolation had higher Black IDU prevalence in 1998. 41 Possibly, the documented declines in Black isolation in the 1990s may have contributed to declining IDU prevalence in this population during the study period. 140 The estimates described here provide the foundation needed to explore this possibility, as well as to investigate whether other social processes (e.g., organized resistance to racism, absolute poverty, policies limiting drug users' access to welfare and public housing) shape temporal and spatial variations in racial/ethnic-specific IDU prevalence.
In addition to raising new etiologic questions, project estimates of temporal trends in IDU prevalence among Black adults and White adults strengthen our capacity to interpret surveillance data on the consequences of IDU by providing data on trends in the sizes of the at-risk populations. For example, our estimates suggest that the greater declines in the numbers of newly diagnosed cases of IDU-related HIV found among Black adults compared to White adults may be produced, in part, by the substantial declines in the at-risk populations of Black adults.
These racial/ethnic-specific IDU-prevalence estimates also add a layer of complexity to our understanding of the causes of the recent nationwide increase in overdoses. Population-level data indicate that the prevalence of heroin and cocaine overdose morbidity and mortality rose among both Black and White adults during the study period. 2, 3, [141] [142] [143] Given the close links between IDU and overdose, [144] [145] [146] [147] these trends are striking in a context of declines or stability in IDU prevalence among Black and White adults, and suggest that (1) factors creating vulnerability to overdoses, or to mortality from overdoses, among active injectors may be at play, and/or (2) noninjection drug users may bear a heavy burden of this increase.
As noted earlier, these IDU prevalence estimates can help plan local drug-related interventions and policies, when accompanied by local data sources. For example, where local data suggest that declines in Black IDU prevalence are at least partially produced by interventions that reduce IDU incidence (e.g., drug treatment on demand), public funding for these interventions should be expanded to ensure their continued success. Likewise, where both our estimates and local data suggest that White IDU prevalence is steady or rising, syringe exchange programs and methadone maintenance programs might intensify outreach efforts targeting this population (or some subset of this population, as identified by local data sources).
CONCLUSION
In closing, these estimates provide insight into temporal trends in IDU prevalence among Black and among White adult residents of 95 large U.S. MSAs. These data suggest that, on average across these MSAs, IDU prevalence declined substantially for Black adults and was static for White adults, though there was considerable inter-MSA variation around these average trajectories. With appropriate recognition of their limitations, these estimates can (1) provide the foundation with which to explore the social determinants of IDU prevalence within racial/ethnic groups; (2) strengthen interpretations of the causes of population-level patterns of drug-related health problems; and (3) inform planning efforts for IDU-related health services. We calculated values of P ijkAPIDS that were adjusted for HIV seroprevalence as described in Formula 3. HIV seroprevalence values for each racial/ethnic group of injectors, MSA, and year were estimated using CTS data. The resulting values of P ijkAPIDS (adjusted for HIV seroprevalence) were smoothed using loess. 53 Formula 3: Calculating values of P ijkAPIDS that are adjusted for HIV seroprevalence
where H ijk the proportion injectors testing positive for HIV in year i, MSA j, racial/ethnic group k H ij the proportion injectors testing positive for HIV in year i and MSA j, regardless of racial/ethnic group b ijkAPIDS and T ijAPIDS as defined in Formula 1.
Calculating the HIV seroprevalence values used in Formula 3 was accomplished as follows: The number of cases in the CTS database testing positive for injection-related HIV reported for each racial/ethnic group, year, and MSA was divided by the corresponding number of injectors tested in the CTS database. The CTS database released to the project suppressed cell values of G5. We classified missing data on the number of seropositive tests as "suppressed" if CTS data indicated that at least one injector was tested in that racial/ethnic group, MSA, and year. This classification system indicated that positive test results were suppressed for 17.42% of cells for Black injectors, 16.46% of cells for White injectors, and 23.44% of cells for all injectors between 1992 and 2002. Where observations were suppressed, we used regression imputation to estimate the number of observations in each racial/ethnic group (and for all injectors, regardless of racial/ethnic group) who tested positive for injection-related HIV in each year and MSA. We imputed suppressed test results for White injectors for each MSA and year as a function of (1) the total number of White injectors tested in that year and MSA; (2) the percent of all injectors (regardless of race/ethnicity) testing positive in that MSA between 1992 and 2002; and (3) the percent of all White MSA residents tested that year who were injectors. Because the outcome was a count and overdispersed, a negative binomial distribution was assumed; the intercept was set to zero to allow predicted values to range between zero and four. Similar methods were used to impute missing suppressed serostatus values for Black injectors and for all injectors in each year and MSA.
HIV seroprevalence values for Black and White injectors, and for all injectors regardless of race/ethnicity, were then calculated for each year and MSA as described above; seroprevalence values were set to missing where the number of injectors tested was G20 because of concern about the stability of these estimates (approximately 26.9% of cells for Black injectors, 32.8% for White injectors, and 25.2% for all injectors between 1992 and 2002).
Because HAART prolongs time to AIDS diagnoses among HIV-positive individuals if the therapy is initiated sufficiently early, [148] [149] [150] and because access to HAART varies across MSAs and racial/ethnic groups, [62] [63] [64] [65] we explored whether the advent of the HAART era in our study altered the racial/ethnic composition of injectors in the APIDS database. Specifically, we tested whether the relationship between study year and the APIDS-based estimates of the proportion of injectors who were White (or Black) varied according to whether the study year predated or postdated the advent of HAART (circa 1997 for injectors). The interaction was not statistically significant, and its magnitude was low. We thus concluded that, while HAART reduced the number of injectors diagnosed with AIDS, it had a negligible effect on the proportion of injectors in each racial/ethnic group. No adjustments were made to the APIDSbased estimates to address the onset of the HAART era. We calculated the number of injectors living in each MSA during each year of the study period in a two-stage process: stage 1 consisted of estimating the total number of injectors living in the US each year; stage 2 consisted of allocating this national estimate to each MSA.
Stage 1: Calculating Nationwide IDU Estimates Using CTS data, we first calculated a set of "scores" that describe annual changes in the size of the injecting population in the US by dividing the number of injectors seeking HIV counseling and testing services nationwide each year by the average annual number of injectors seeking such services nationwide across all years of the study period. Through a parallel process, two additional sets of scores were calculated, one based on drug treatment data and another based on data on arrests for heroin or cocaine possession (adjusted for the percent of heroin or cocaine users who inject). These three database-specific sets of scores were averaged to create a single score for each year of the study period. The total number of injectors living in the US had been calculated previously for 1992 and 1998. 69, 70 We viewed these two data points as anchors. The proportion of the final annual score to the score in 1992 was then multiplied by the 1992 IDU estimate anchor point. This process was repeated with the 1998 IDU estimate anchor point, creating two strands of nationwide annual IDU estimates (one anchored with 1992 data and the other with 1998 data). The results of these two strands were then averaged to estimate the total number of injectors living in the US during each year of the study period.
Allocating Nationwide IDU Estimates to MSAs The resulting annual national IDU estimates were then allocated to each MSA using ratio methods. 66, 67 For each of four data series (described below), we calculated the proportion of injectors nationwide who lived in MSA i in year j. We then multiplied these database-specific proportions by our estimate of the number of injectors living in the US for each year of the study period, thereby generating four sets of estimates of the number of injectors living in each MSA each year. These four sets of estimates were smoothed using loess, and then averaged to produce a single estimate for each MSA and year. The four data series analyzed captured information on (1) IDU-related AIDS diagnoses; (2) injectors' participation in HIV counseling and testing services; (3) drug treatment utilization among injectors; and (4) previously calculated estimates of the number of injectors living in the MSAs studied in 1992 and 1998 (interpolated and extrapolated to cover the remaining years of the study period).
Quantifying the Magnitude of AIDS-Related Mortality and of Incarceration among Black Injectors and White Injectors During the Study Period
The combination of AIDS-related mortality and incarceration might have reduced IDU prevalence among Black adults during the study period. Black injectors suffered a heavy burden of AIDS-related mortality during the study period. 103 According to CDC surveillance records, 67,314 Black injectors living in the MSAs in our sample died of AIDS-related causes between the date AIDS was first diagnosed in the US and 1999.
151Ã To begin to capture the toll that AIDS took on the population of Black injectors, we note that, according to our estimates, there were 349,867 Black injectors living in the 95 MSAs in 1992; CDC data indicates that 9,187 (or 2.5%) of these injectors were diagnosed with AIDS in 1992 and died before the year 2000. 151 This is a considerable underestimate of the total number of Black injectors alive in 1992 who died of AIDS during our study period because it ignores (1) individuals diagnosed with AIDS in 1992 who died after 1999; and (2) injectors alive in 1992 who were diagnosed with AIDS before or after 1992 and subsequently died. AIDS-related mortality may thus have had powerful effects on IDU prevalence among Black injectors.
Incarceration for drug-related offenses may have further reduced the number of Black injectors living in the MSAs under study between 1992 and 2002. A recent Human Rights Watch report indicates that in the 34 US states for which data are available, 59,535 Black men and women entered prison in 2003 alone to serve time for a drug-related offense; this figure represents a 400% increase since 1986 and 0.26% of the total Black adult population in these states (a percentage that would be substantially higher for the population of Black adult drug users). 113 Prisons tend to be located outside of MSA boundaries, 116 and so CTS, TEDS, and APIDS will rarely capture imprisoned injectors.
While significant, AIDS-related mortality and incarceration may have had less of an impact on White injectors compared to their Black counterparts. Fewer White injectors than Black injectors died of AIDS during the study period. [125] [126] [127] [128] According to CDC records, 33,760 White injecting residents of the MSAs in our sample died of AIDS-related causes between the date that AIDS was first diagnosed in the US and 1999. 151 Of the 736,100 White injectors residing in the MSAs under study in 1992, 4,791 (0.7%) were diagnosed with AIDS in 1992 and died before 2000. 151 Compared to Black adults, White adults have also been less affected by rising incarceration rates for drug-related offenses. In 2003, 37,003 White men and women (or 0.03% of all White adults) entered prison to serve time for a drug-related offense in the 34 states for which data are available. 112 The absolute number of White injectors removed from the MSAs during the study period was thus smaller than the absolute number of Black injectors removed; moreover, this removal would have had a smaller impact on White IDU prevalence because there were substantially more White injectors than Black injectors in these MSAs (e.g., in 1992, we estimate that there were 736,100 White injectors and 349,867 Black injectors living in these MSAs).
